Heat-shock protein (Hsp) 104, found in yeast, is a member of the Hsp100 class of molecular chaperones, which contain highly conserved ATPase domains associated with diverse cellular activities (AAA+) and have essential roles in thermotolerance and protein quality control [1] [2] [3] . Hsp104 and its bacterial homolog, ClpB, form large hexameric ring structures that cooperate with the Hsp70 system in unfolding and rescuing aggregated protein states via active translocation of polypeptide substrates through a central channel [4] [5] [6] . In addition to solubilizing stress-induced disordered aggregates 5,7 , Hsp104 recognizes and remodels cross-β structures of amyloid fibrils, such as those found in Sup35 prions, thereby enabling Hsp104 to control prion inheritance in yeast [8] [9] [10] . This function in prion disaggregation is enhanced in Hsp104 compared with ClpB, and studies have identified potentiated Hsp104 variants that decrease the toxicity of proteins, including TDP-43, FUS and α-synuclein, that have been linked to neurodegenerative diseases [11] [12] [13] . Despite its fundamental roles in protein quality control and its promising therapeutic activity in rescuing amyloidogenic states 14 , how Hsp104 and its family members function as powerful molecular motors that solubilize proteins is not fully understood.
a r t i c l e s
Heat-shock protein (Hsp) 104, found in yeast, is a member of the Hsp100 class of molecular chaperones, which contain highly conserved ATPase domains associated with diverse cellular activities (AAA+) and have essential roles in thermotolerance and protein quality control [1] [2] [3] . Hsp104 and its bacterial homolog, ClpB, form large hexameric ring structures that cooperate with the Hsp70 system in unfolding and rescuing aggregated protein states via active translocation of polypeptide substrates through a central channel [4] [5] [6] . In addition to solubilizing stress-induced disordered aggregates 5, 7 , Hsp104 recognizes and remodels cross-β structures of amyloid fibrils, such as those found in Sup35 prions, thereby enabling Hsp104 to control prion inheritance in yeast [8] [9] [10] . This function in prion disaggregation is enhanced in Hsp104 compared with ClpB, and studies have identified potentiated Hsp104 variants that decrease the toxicity of proteins, including TDP-43, FUS and α-synuclein, that have been linked to neurodegenerative diseases [11] [12] [13] . Despite its fundamental roles in protein quality control and its promising therapeutic activity in rescuing amyloidogenic states 14 , how Hsp104 and its family members function as powerful molecular motors that solubilize proteins is not fully understood.
Hsp104 and ClpB contain a mobile N-terminal domain (NTD), which has been implicated in substrate engagement 15, 16 ; two evolutionarily distinct AAA+ nucleotide-binding domains (NBD1 and NBD2), which bind substrates and power translocation; and a middle domain (MD), which is required for disaggregation and interaction with Hsp70 (refs. 17-21 and Fig. 1a) . Hsp104 also contains a C-terminal domain (CTD) that is not found in ClpB and is required for hexamerization 22 . The crystal structure of ClpB 23 from a thermophilic eubacterium (Thermus thermophilus) identifies the conserved type II AAA-domain architecture wherein the NBDs comprise large and small subdomains that form the ATP-binding pocket and contain the respective Walker A and B motifs and 'sensor' residues required for ATP hydrolysis. The MD, located within the small subdomain of NBD1, forms an ~85-Å-long, flexible coiled coil that has been proposed to adopt a number of conformations in the hexamer during the hydrolysis cycle [23] [24] [25] [26] [27] .
Polypeptide translocation between NBD1 and NBD2 is controlled via allosterically driven ATP-hydrolysis events 28, 29 , and, for Hsp104, cooperativity among protomers is required for disaggregation of highly stable amyloids 30 . Substrate binding is favored in the ATP-bound state 31 and involves direct interaction with highly conserved tyrosine residues in flexible NBD 'pore loops' 5, 6, 32 that have been proposed to line the axial channel and operate by hydrolysisdriven substrate-handoff cycles. How this occurs across the 100-Å-long channel and between the two distinct AAA+ domains remains unknown. A number of cryo-EM models of Hsp104 mutants 25, 29, 33 and ClpB 23, 24 at modest resolutions between 11 and 20 Å have been described and suggest various structural arrangements but generally show a symmetric hexamer with three distinct rings comprising the NTD, NBD1 and NBD2. Structural studies have also identified different nucleotide states that involve changes in the pore diameter and conformation of the domains 24, 27, 29 . However, the oligomeric state is dynamic, requiring the presence of nucleotide for stability 34 , and the protomers exchange rapidly during the hydrolysis cycle 30, 35, 36 ; consequently, the high-resolution architecture of the active hexameric complex has remained out of reach.
Here we set out to elucidate the structural mechanism of the Hsp104 disaggregase. We determined the cryo-EM structure of wild-type (WT) Hsp104 from yeast (S. cerevisiae) bound to the nonhydrolyzable ATP analog AMP-PNP, at 5.6-Å resolution. The structure reveals a helical-like arrangement involving a 10-Å rise between protomers that results in a seam at which the first protomer is offset by more than 40 Å from the sixth protomer. This offset brings NBD1 from one protomer into contact with NBD2 in the adjacent protomer, and a heteromeric AAA+ interaction is formed at the seam. Welldefined density corresponding to the conserved tyrosine pore loops presents a spiral of substrate-binding surfaces along the axial channel. Remarkably, the protomer offset optimally positions the NBD1 and NBD2 pore loops at the seam, thus allowing for coordinated transfer of substrates across the AAA+ domains.
RESULTS

The Hsp104 hexamer adopts an asymmetric spiral architecture
We determined the cryo-EM structure of the intact WT Hsp104 complex in the presence of AMP-PNP, to mimic the substratebinding ATP state 8 . Purified Hsp104 was functionally active in ATPase and disaggregase assays ( Supplementary Fig. 1a,b) . The cryo-EM images of Hsp104-AMP-PNP show homogeneous oligomeric complexes ( Supplementary Fig. 1c) , and reference-free 2D classification reveals a variety of distinct views with well-resolved structural features (Supplementary Fig. 1d ). These 2D averages reveal clear top-view ring shapes and side views that show a striking asymmetry and unique protomer arrangement different from that previously described 25, 29 ( Fig. 1b) . We achieved the final cryo-EM reconstruction after 3D refinement with no imposed symmetry, at resolutions of 6.5 Å and 5.6 Å for the unmasked and masked maps, respectively ( Supplementary  Fig. 1e ). The final map comprises 85% of the single-particle data after sorting by 2D classification. The 3D classification identified no additional conformations or oligomeric states (data not shown); thus, the final map represents the predominant form of Hsp104 in the data set. The angular distribution of the particles shows several preferred orientations (Supplementary Fig. 1f) , and 2D projections of the 3D map match the reference-free averages, thereby confirming the overall asymmetric architecture (Supplementary Fig. 1g) .
The 3D reconstruction reveals that Hsp104-AMP-PNP is a ringshaped hexamer with three distinct domain layers that correspond to the NTD, NBD1 MD and NBD2, a result consistent with those from other studies 25, 29, 33 (Fig. 1c and Supplementary Video 1) . In striking contrast to previous models, the protomers are arranged in a helical spiral, and the NBD rings connect, forming a distinct asymmetric seam. The NBD1 and NBD2 show the highest-resolution density, at approximately 5 Å, whereas the NTDs as well as regions at the hexamer seam are more flexible, at ~6-to 7-Å resolution ( Supplementary Fig. 1h ). The density for the MD coiled coil is partly resolved on one face of the hexamer, where it wraps around the outside of the hexamer adjacent to the NBD1s (Fig. 1c) . The central channel is approximately 25-30 Å in diameter but opens into a wide cleft at the hexamer seam, owing to the spiral offset of the adjacent protomers.
We used the crystal structure of T. thermophilus ClpB 23 (PDB 1QVR), a protein with ~45% sequence identity with Hsp104, for initial fitting and determination of a homology model for Hsp104. Helices are designated as they are in the ClpB structure ( Supplementary  Fig. 2a) . We docked the reconstruction by rigid-body fitting of the domains and then performed flexible fitting to achieve an atomic model with the highest correlation to the map, at 0.92. The protomers are designated 1 through 6, such that protomer 1 (P1) is in the highest position in the side-view orientation, and the numbers proceed counterclockwise as viewed from the NTD face (Fig. 2a,b) . The NBDs fit well, with a cross-correlation value of 0.94, and identify the conserved AAA+ subdomain architecture with α-helical and β-sheet regions that are well resolved for each of the protomers ( Fig. 2c and Supplementary Video 2) . Difference-map analysis between the final map and a nucleotide-free model indicated that nucleotide is present in the majority of the NBDs, and we observed clear density in nine sites, reduced density in two sites, indicating partial occupancy or flexibility, and no density at one site ( Supplementary  Fig. 2b) . The NBD1s show a canonical AAA+ arrangement, including expected positions for the Walker A (K218), Walker B (E285) and sensor 1 (T317) residues. Putative arginine-finger residues R334 and R333 (ref. a r t i c l e s npg a r t i c l e s and the proposed arginine finger (R765) 37 is near the nucleotide pocket, at less than 10 Å, according to our model (Fig. 2c) . Protomers P1 and P6, which make up the unusual hexamer seam, are in a different conformation and are discussed in further detail below.
Density corresponding to the MD coiled coil, which is partly resolved for P3-P6, was docked with residues 409-467, comprising helix L1 and part of helix L2, which connect to the NBD1 large subdomain (Fig. 2c) . Density for the C-terminal-half of the extended a r t i c l e s 85-Å helix L2 as well as helix L3 and helix L4, a region including Hsp70-interaction sites 18 , was not clearly identifiable, thus indicating that this portion of the MD remains flexible. The NTDs form globular lobes of density that interact, following the helical arrangement of the NBDs, and form a broad entrance to the channel (Figs. 1c and 2a) . Despite the NTD's flexibility, the good definition of the NTD NBD1 linkers enabled unambiguous connection to the corresponding protomer. We were able to model NTD structures for protomers P2-P4 (Fig. 2b) , which exhibit the best-resolved features, and the cross-correlation of the fit was 0.91. Further details of the MD and NTD conformations are discussed below.
Heteromeric NBD1-NBD2 interaction defines the hexamer seam
The most striking structural feature of the Hsp104 hexamer is the helical-like arrangement of the protomers. Canonical AAA+ interactions are generally maintained around the hexamer; however each protomer is tilted slightly, thus resulting in an approximate seven-fold helical symmetry. From P1 to P6, the protomers each rise nearly 10 Å and rotate 53°, on average (Fig. 3a) . The conformations and position of the individual protomers vary around the hexamer, thus indicating that the complex is indeed asymmetric ( Supplementary  Fig. 3a) . When the NBD1s are superimposed, continuous conformational changes are apparent from P1 to P6 (Supplementary Fig. 3b) , and the greatest protomer differences occur between P1 and P6 at the hexamer seam (Supplementary Fig. 3c ). The conformational changes primarily involve rotations of the NBD1 and NBD2 small subdomains, which move inward relative to the channel axis by approximately 10° and 20°, respectively, thus resulting in a more compact P1 protomer compared with P6 (Supplementary Fig. 3c ).
The helical shift of the protomers results in a 44 Å-offset between P1 and P6, yet these protomers interact together, covering a 100° rotation around the channel axis and completing the hexamer ring (Fig. 3b) . Remarkably, this large offset positions the P6 NBD1 adjacent to the P1 NBD2 and results in an NBD1-NBD2 interaction that connects the AAA+ domains in a two-turn spiral (Fig. 3c) . The density, although at a slightly lower resolution compared with that of the other protomers, is well defined in this region and reveals interactions mediated by the B3 and B6 connecting loops from the P6 NBD1 and helices E2 and E3 from the P1 NBD2 (Fig. 3d) . Density corresponding to the P1 CTD also contacts the P6 NBD1 toward the outside of the channel, thus potentially stabilizing the interaction.
Despite the unusual NBD1-NBD2 interaction, density corresponding to bound nucleotide is present for the P1 NBD2 and indicates a potentially active catalytic site ( Fig. 3d and Supplementary Fig. 2b) . Although the interprotomer AAA+ interaction is different from interactions at the more canonical interfaces at the other sites, putative argininefinger residues R334 and R333 in the P6 NBD1 are localized approximately 10-12 Å away from the P1 NBD2 nucleotide pocket. Interestingly, another highly conserved arginine residue, R307 in P6, is within 5 Å of the P1 NBD2 pocket. Thus, either a small conformational change that repositions R334 or R333, or activation by R307 could support ATP hydrolysis. In contrast, we did not observe density in the P1 NBD1 pocket, a result indicating that nucleotide is not present (Fig. 3d) . However, because of the protomer offset, the P1 NBD1 is not supported by an adjacent AAA+ domain from P6, and hence the nucleotide pocket is likely to be destabilized and inactive. Despite the apparent canonical orientation of the adjacent P5 NBD1, density in the P6 NBD1 pocket appears weak relative to that for the other protomers, thus indicating partial occupancy or flexibility. Finally, we observed nucleotide density for the P6 NBD2; this site is supported by the adjacent P5 NBD2, which is in an arrangement similar to those of the other protomers. Overall, comparison of the AAA+ domains for protomers 1 and 6 revealed a mix of nucleotide states and an asymmetric structural organization with interactions that are distinct from those in the rest of the hexamer and potentially support unique functions during disaggregation.
Arrangement of the MD and NTD highlights critical functions
The conserved NTDs bind hydrophobic regions of substrates and have been proposed to direct polypeptides to the NBD pore loops as well as enhance cooperative substrate binding required for amyloid disaggregation 15, 27 . In our Hsp104 map, the P1-P5 NTDs surround the axial channel, forming a C-shaped entrance approximately 35 Å in diameter (Fig. 4a) . The opening widens substantially to approximately 50 Å, moving toward the P6 NTD at the hexamer seam and creating npg a r t i c l e s a large cleft that opens along the side of the hexamer. Although the P6 NTD is more flexible and less well resolved, interactions between the adjacent P5 NTD as well as an unusual interaction with P1 NBD2 are visible when viewed at a reduced threshold for the density (Fig. 4a) . Because of the NTD separation, the P1 NBD1 largely defines an equatorial channel entrance. On the basis of the arrangement in the other protomers, the P1 MD would extend across the cleft toward the P6 NTD; however, the density was not sufficiently resolved for localization. The molecular models of the P2-P4 NTDs reveal that only the P3 NTD is positioned with its hydrophobic substratebinding cleft 15 facing toward the channel, while the P2 and P4 NTDs each adopt different orientations (Fig. 4b) . Thus, whereas the NTDs interact and form a defined ring at the channel entrance, the interfaces are variable and multiple conformations are adopted around the hexamer, thus potentially enabling binding to heterogeneous protein-aggregate surfaces. In contrast, the channel exit on the opposite face of the hexamer is largely defined by the NBD2; however, we observed an additional lobe of density in all protomers, which we predict corresponds to the 38-residue CTD (Fig. 4c) . The density emerges from the NBD2 C-terminal site identified on the basis of ClpB and extends and forms a defined bridge connection to the adjacent protomer by contacting helix D11 in NBD2 (Fig. 4d) . The interaction probably stabilizes the hexamer, as suggested by previous studies 22 , and the CTD position around the channel exit also explains previously proposed functions in cochaperone binding 38 and therefore might serve as a docking point for substrate handoff to downstream chaperone systems.
On the basis of the fit of the MD L1 and L2 helices for P3-P6, the MD is rotated 47° compared with its position in the crystal structure and directly contacts NBD1 of the adjacent protomer (Fig. 4e) . L1 and L2 are positioned alongside the clockwise neighbor and, together with helix C3, form a 60-Å-long strap across the small and large AAA+ subdomains (Fig. 4f) . The interaction is with the opposite protomer that makes up the canonical AAA+ interface, such that each NBD1 is supported by the MD of one neighbor and the large AAA+ subdomain of the other neighbor. Density in this region is well defined for helix L1, which contacts helix C1, the C1-C2 connecting loop and part of helix B3 in the neighboring protomer. The interaction appears to involve conserved residues R419, E427 and D434, which have been previously identified to be critical for function 25, 39, 40 . We found that these residues are positioned to interact with E190, R353 and R366, respectively, in the adjacent NBD1 and may form stabilizing salt-bridge interactions (Supplementary Fig. 4 ).
Spiral staircase of pore loops defines the substrate path
Each NBD contains flexible loop regions that contain the conserved tyrosine residues (Y257 for NBD1 and Y662 in NBD2) that bind polypeptide substrates and are required for disaggregation 5, 6, 32, 41 . However, these pore loops are not resolved in the ClpB structure 23 , and how polypeptides could be actively transferred from protomer to protomer and across the two AAA+ domains has been unclear. By flexible fitting, we were able to model pore-loop residues for NBD1 (excluding residues 253-258) and NBD2 (excluding residues 660-666) within large lobes of density identified in the channel (Fig. 5a) . The NBD1 and NBD2 pore loops are separated by 35-40 Å, depending on the protomer, and they project toward the channel axis in a staggered counterclockwise arrangement, as viewed down the N-terminal channel entrance (Fig. 5b) .
As viewed from inside the channel, the NBD1 and NBD2 pore loops form a two-turn spiral staircase (Fig. 5c and Supplementary Video 3) . The P1 NBD1 pore loop is nearest to the NTD channel cleft, and each subsequent loop is 15-20 Å away, down the channel (Fig. 5d) . The distances between the pore loops vary, such that there is greater separation near the hexamer seam, particularly between P5 and P6, which are separated by 20 Å, thus reflecting conformational differences in the protomers. Notably, we observed additional lobes of density beneath the NBD1 pore loops, corresponding to residues 288-298, which may serve as additional substrate-binding surfaces via electrostatic interactions (Supplementary Fig. 5 ). 
npg a r t i c l e s
Indeed, this corresponding region in ClpA has been shown to interact directly with substrate 42 . The NBD1 loops are positioned approximately 10 Å away from the respective NTDs for each protomer; thus, substrates could be transferred to the NBD at multiple sites around the channel. Remarkably, the heteromeric NBD1-NBD2 interaction at the hexamer seam positions the respective pore loops 17 Å apart, a distance similar to the others, thus revealing a contiguous substratetransfer pathway between the AAA+ domains.
DISCUSSION
The lack of a definitive structure of the active Hsp104 hexamer has hindered understanding of how these conserved AAA+ complexes function as disaggregase machines. Previous cryo-EM structures have been critical in revealing the overall hexameric three-tier architecture 24, 25, 29, 33 but are limited in resolution, probably because of available cryo-EM technology, heterogeneity and imposed symmetry. By using the latest cryo-EM technical advances and acquiring a substantial single-particle data set for exhaustive classification and alignment, we achieved a structure of Hsp104 that provides the first evidence, to our knowledge, that the hexamer adopts an asymmetric near-helical architecture that connects the AAA+ domains around the channel. This unprecedented spiral arrangement provides a structural mechanism that explains how cooperative interactions between the protomers and across the AAA+ domains by Hsp104 might drive processive polypeptide translocation 27, 28, 30 .
The left-handed spiral of the Hsp104 hexamer establishes a substrate-binding path that appears to be optimally organized for transfer from protomer to protomer counterclockwise around the channel; consequently, directional polypeptide movement from the NTD entrance to the NBD2 exit can be achieved (Fig. 6a) . The NBD1-NBD2 interaction aligns the pore loops, thereby facilitating substrate transfer across the AAA+ domains and enabling two or more cycles of interaction per protomer. This mechanism is likely to be necessary for substrates such as structured amyloids, which are dependent on high protomer cooperativity and action from both AAA+ domains 30 . Polypeptide threading may occur more stochastically or involve a subset of protomers, such as for disordered, unstructured aggregates, as proposed in previous studies 16, 30 . Nonetheless, the staircase arrangement of binding surfaces explains how Hsp104 can cooperatively use both AAA+ domains for more powerful unfolding. This mechanism is a remarkable extension of unidirectional threading models based on the asymmetric architecture of ClpX 3, 43 , which exhibits a staggered arrangement of pore loops around its single AAA+ ring. Although the translocation step size is unknown for Hsp104, it is expected to be less than 30 Å, on the basis of measurements of ClpB 44 , ClpX 45, 46 and ClpA 47 . The 15-to 20-Å distance that we identified between pore loops is consistent with this prediction and suggests that polypeptide translocation occurs through short stepwise transfer events. Given the homology, we expect that related ClpB and other type II Hsp100 family members may adopt a spiral architecture similar to that of Hsp104. Indeed, the ClpA 48 and ClpB 23 protomers each form unique left-handed spirals in the crystal. However, both display mechanistic differences: ClpA functions in conjunction with a bound ClpP protease 49 , whereas ClpB has been proposed to operate via nonprocessive translocation events 30, 44 ; thus, these complexes may adopt different hexamer arrangements in solution.
The asymmetric seam and protomer offset present a unique architecture that is likely to be functionally significant. The P1 NTD and NBD1 substrate-binding surfaces are at the topmost axial position and are accessible because of the 50-Å-wide cleft formed by separation of the P1 and P6 NTDs (Fig. 4a) . Thus, initial substrate engagement may involve preferential interactions with this protomer and may be followed by sequential downstream transfer to P2-P6. Furthermore, the cleft at the hexamer seam opens directly to the P1 NTD and MD, and presents an optimal site for Hsp70 to interact and transfer substrates to the channel (Fig. 6b) . The interface at the hexamer seam may also play critical roles in the functional plasticity of Hsp104 (ref. 27 ) by facilitating recognition and engagement of different aggregate structures. Finally, given the known nucleotide-dependent dynamics of the hexamer 36 , a compelling mechanism is that reorganization of the protomer offset is triggered by substrate binding, Hsp70 interaction or ATP hydrolysis and consequently facilitates translocation (Fig. 6c) .
A number of different MD arrangements have been proposed on the basis of previous low-resolution models [23] [24] [25] [26] 33 . Our structure reveals the clearest view to date of the MD conformation in the ATP state and identifies bridging interactions, occurring between L1 and L2 and the small and large subdomains of the adjacent protomer, that potentially stabilize the nucleotide pocket for hydrolysis. The observed potential salt-bridge interactions involving R419, E427 and D434 (Fig. 4f and Supplementary Fig. 4) are consistent with the contact between L1 and the adjacent NBD1 identified through fluorescence resonance energy transfer experiments with ClpB 40 , and the functional deficiency of Hsp104 R419M demonstrated in mutagenesis studies 25 npg a r t i c l e s coil at helices L2 and L3 and consequently delivers substrates and promotes disaggregation 18, 20, 50 . The MD L1-L2 interactions may serve as control elements for allosteric activation by Hsp70 during substrate delivery 19, 40 . Indeed, mutations in L1 eliminate collaboration with Hsp70 (ref. 21 ) and allow disaggregation to occur independently of Hsp70 and Hsp40 (ref. 12) .
In addition to our results here, a number of recent cryo-EM structures of AAA+ complexes, notably including the Pex1-Pex6 (ref. 51 ) and NSF 52 double AAA+ ring complexes, have identified asymmetric states. Together such studies are beginning to reveal that AAA+ proteins generally operate via large asymmetries in their protomer organization and hydrolysis mechanisms 43 . As compared with these related complexes, Hsp104 is unique in that it adopts a two-turn spiral involving interaction between the different AAA+ (NBD1 and NBD2) domains. Both Pex1-Pex6 and NSF complexes exhibit a planar, symmetric NBD1 ring that is flexibly connected to an asymmetric NBD2 ring. In Hsp104, the orientation between the two AAA+ domains within a protomer is relatively consistent around the ring, except for the hexamer seam. At this position, conformational differences between P6 and P1, including a 20° rotation of NBD2 relative to NBD1, enable the NBD1-NBD2 interaction and a closed hexamer ring despite the substantial 100° rotation around the channel axis (compared with ~50° for the other protomers) (Fig. 3a) . In addition, we identified density corresponding to a bound nucleotide for 9 out of 12 ATP-binding sites, whereas two sites show partial occupancy, and one site is empty. This finding is consistent with previous estimates of a nucleotide occupancy of 8-12 nucleotides for ClpB hexamers 26, 53 , and it supports an asymmetric hydrolysis mechanism. Intriguingly, the NBD1s overall have a lower nucleotide occupancy than the NBD2s, which are completely bound. Similarly, kinetic studies have determined that the NBD1, compared with NBD2, has a lower ATP affinity but much higher catalytic activity 28 , a result supporting distinct functions during disaggregation. Nonetheless, with this overall high nucleotide occupancy together with the spiral architecture, the power of the two AAA+ domains appears to be uniquely coupled for Hsp104 compared with other AAA+ complexes and is perhaps reflective of the mechanical force required for disaggregation. Additional studies will be critical in elucidating conformational changes associated with ATP-hydrolysisdependent translocation events, to determine the mechanical changes that drive disaggregation.
METHODS
Methods and any associated references are available in the online version of the paper.
Accession codes. The cryo-EM density map (EMD-8267) has been deposited in the Electron Microscopy Data Bank, and the molecular model (PDB 5KNE) has been deposited in the Protein Data Bank. 
